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ABSTRACT
In this work, we aim to develop and propose a granular micromagnetic model of the
exchange bias layer, consisting of coupled antiferromagnetic (AF) and ferromagnetic (FM)
layers, which is the main component of read head of hard disk drive. The proposed model is
developed following the new procedure of exchange bias measurement called York protocol.
It can predict the reproducible value of exchange bias field (HEB) and blocking temperature (TB)
leading to the study of thermal stability of exchange bias system. The dynamics of AF and FM
layers is treated by using the kinetic Monte Carlo method and stochastic-Landau-Lifshitz-Gilbert
(LLG) equation respectively due to their different magnetic properties. In order to calculate the
blocking temperature of the system, the granular model based York protocol is first used to find
the measurement temperature at which the thermal activation is removed from the system during
the measurement of exchange bias field and coercivity. The IrMn/CoFe exchange bias layers are
investigated in this work which is the current materials in real devices. The results show that the
values of HEB and TB from the model are consistent with the experimental work. The calculation
of TB for IrMn/CoFe exchange bias system with the thickness of 8 and 4 nm respectively is 414
Kelvin giving good agreement with experiment. This shows that the proposed model is a significant
tool for predicting the reproducible value of HEB and TB and it is capable for real experiment.
Keywords: exchange bias phenomenon, York protocol, blocking temperature, Landau-Lifshitz-
Gilbert equation, Kinetic Monte Carlo method
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∫∑π”
Œ“√å¥¥‘ °å‰¥√åø (hard disk drive) ‡ªìπÀπà«¬§«“¡®”À≈—°¿“¬„π§Õ¡æ‘«‡μÕ√å´÷Ëß∂Ÿ°„™â ”À√—∫
°“√®—¥‡°Á∫¢âÕ¡Ÿ≈ Œ“√å¥¥‘ °å‰¥√åø¡’Õß§åª√–°Õ∫À≈—°∑’Ë ”§—≠ 3  à«π §◊Õ ·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈ (recording media)
À—«‡¢’¬π (write head) ·≈–À—«Õà“π (read head) „πªí®®ÿ∫—πÕÿª°√≥åŒ“√å¥¥‘ °å‰¥√åø‰¥â∂Ÿ°ÕÕ°·∫∫·≈–
æ—≤π“¡“Õ¬à“ßμàÕ‡π◊ËÕß‡æ◊ËÕ∑’Ë®–‡æ‘Ë¡§«“¡ “¡“√∂„π°“√∫—π∑÷°¢âÕ¡Ÿ≈ °“√æ—≤π“Õÿª°√≥åŒ“√å¥¥‘ °å‰¥√åø„π




®“°·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈  ”À√—∫‚§√ß √â“ß¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈À√◊Õ‚§√ß √â“ß ªîπ«“≈å« (spin-valve structure)
®–ª√–°Õ∫¥â«¬™—Èπ«— ¥ÿ‡øÕ√å‚√·¡°‡πμ‘° (ferromagnetic material, FM)  Õß™—Èπ∑’Ë∂Ÿ°§—Ëπ°≈“ß¥â«¬™—Èπ
«— ¥ÿ∑’Ë‰¡à¡’§«“¡‡ªìπ·¡à‡À≈Á°·≈–‡™◊ËÕ¡μ‘¥°—∫«— ¥ÿ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘° (antiferromagnetic material, AF)
‚¥¬™—Èπ«— ¥ÿ‡øÕ√å‚√·¡°‡πμ‘°™—Èπ·√°∑’Ë‡™◊ËÕ¡μ‘¥°—∫«— ¥ÿ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°®–∂Ÿ°‡√’¬°«à“ ™—Èπæ‘π (pinned
layer, PL) ́ ÷Ëß·¡°π‘‰∑‡´ —́π„π™—Èπ¥—ß°≈à“«∂Ÿ°¬÷¥∑‘»∑“ß‚¥¬Õ“»—¬ª√“°Ø°“√≥å‰∫Õ— ·≈°‡ª≈’Ë¬π (exchange
bias phenomenon) [1] ·≈–∂Ÿ°„™â‡ªìπμ—«Õâ“ßÕ‘ß„π°“√Õà“π¢âÕ¡Ÿ≈®“°·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈ πÕ°®“°π’È™—Èπ«— ¥ÿ
‡øÕ√å‚√·¡°‡πμ‘°™—Èπ∑’Ë Õß®–∂Ÿ°‡√’¬°«à“ ™—ÈπÕ‘ √– (free layer, FL) ‡π◊ËÕß®“°·¡°π‘‰∑‡´ —́π„π™—Èπ¥—ß°≈à“«
π’È “¡“√∂‡ª≈’Ë¬π·ª≈ß∑‘»∑“ß‰¥âÕ¬à“ßÕ‘ √–μ“¡°“√‡Àπ’Ë¬«π”∑‘»∑“ß¢Õß·¡°π‘‰∑‡´ —́π„π·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈
‡æ◊ËÕ„™â ”À√—∫°√–∫«π°“√Õà“π¢âÕ¡Ÿ≈
ª√“°Ø°“√≥å‰∫Õ— ·≈°‡ª≈’Ë¬π‡°‘¥¢÷Èπ‡π◊ËÕß®“°°“√π”™—Èπ«— ¥ÿ FM ¡“‡™◊ËÕ¡μ‘¥°—∫™—Èπ«— ¥ÿ AF
‚¥¬Õ“»—¬°√–∫«π°“√°√–μÿâπ∑“ß§«“¡√âÕπ (thermal activation process) [2] ·≈–°“√‡Àπ’Ë¬«π” π“¡




ª√“°Ø°“√≥å‰∫Õ— ·≈°‡ª≈’Ë¬π®–∂Ÿ°‡√’¬°«à“ §à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π (exchange bias, HEB) ´÷Ëßπ‘¬“¡
®“°®ÿ¥∑’Ë π“¡·¡à‡À≈Á°¿“¬πÕ°¡’§à“‡ªìπ»Ÿπ¬å (H = 0) ∂÷ß®ÿ¥°÷Ëß°≈“ß¢Õß≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑’Ë‡§≈◊ËÕπ∑’Ë
ÕÕ°®“°·π«·°π ¡¡“μ√ ®“°°“√»÷°…“‚¥¬∑—Ë«‰ªæ∫«à“§à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π®–¡’§à“·ª√º°º—π°—∫
Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’  (measurement temperature, TMS) [1,2] ‡π◊ËÕß®“°°“√‡æ‘Ë¡
¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘ TMS ®– àßº≈∑”„Àâ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ‡§≈◊ËÕπ∑’Ë°≈—∫‡¢â“À“·°π ¡¡“μ√ ‚¥¬§à“Õÿ≥À¿Ÿ¡‘
«‘°ƒμ∑’Ë∑”„Àâ§à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π¡’§à“‡ªìπ»Ÿπ¬å®–∂Ÿ°‡√’¬°«à“ §à“Õÿ≥À¿Ÿ¡‘°’¥°—π (blocking temperature,
TB) °≈à“«§◊Õ HEB (TMS = TB) = 0 [3] ‚¥¬∑—Ë«‰ª·≈â«§à“Õÿ≥À¿Ÿ¡‘°’¥°—π¥—ß°≈à“«π’È®–∂Ÿ°π”¡“„™â„π
°“√æ‘®“√≥“‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ (thermal stability) [4] ¢Õß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π¿“¬„π‚§√ß √â“ß
À—«Õà“π¢âÕ¡Ÿ≈π—Èπ‡Õß
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°“√«—¥º≈¢ÕßÕÿ≥À¿Ÿ¡‘°’¥°—π¥â«¬«‘∏’°“√«—¥·∫∫¥—Èß‡¥‘¡ (conventional measurement procedure)
[2]  “¡“√∂∑”‰¥â‚¥¬°“√«—¥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ·≈–§”π«≥§à“ HEB ∑’Ë·μà≈–Õÿ≥À¿Ÿ¡‘ TMS ‡æ◊ËÕæ‘®“√≥“
À“§à“Õÿ≥À¿Ÿ¡‘∑’Ë∑”„Àâ§à“ HEB = 0 Õ¬à“ß‰√°Áμ“¡ °“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¥â«¬«‘∏’°“√¥—ß°≈à“«π’È®–∑”„Àâ
‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ„π°“√æ‘®“√≥“À“§à“ TB ‡π◊ËÕß®“°º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë√∫°«π√–∫∫„π¢≥–∑’Ë∑”°“√
§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑”„Àâ‰¡à “¡“√∂∑”°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ·≈–§à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π
´È”‡¥‘¡‰¥â (non-reproducible exchange bias) ®“°¢âÕ®”°—¥¥—ß°≈à“« L.E. Fernandez-Outon ·≈–§≥–
[5] ®÷ß‰¥âπ”‡ πÕ‡∑§π‘§„π°“√«—¥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ √Ÿª·∫∫„À¡à∑’Ë “¡“√∂°”®—¥º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë√∫°«π
√–∫∫¢≥–∑”°“√§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’  (thermal free measurement) ÷́Ëß∂Ÿ°‡√’¬°«à“ «‘∏’°“√¬Õ√å§
(York protocol) ´÷Ëß™à«¬„Àâ “¡“√∂«—¥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’  §à“ HEB ·≈– TB ‰¥â‡∑à“‡¥‘¡∑ÿ°§√—Èß∑’Ë∑”°“√
«—¥´È” (reproducible exchange bias) ·¡â«à“®–∑”°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ®”π«πÀ≈“¬§√—Èß °“√





¬“«π“π ¥â«¬‡Àμÿπ’È®÷ß‰¥â¡’°“√π”‡ πÕ«‘∏’°“√®”≈Õß‡™‘ßμ—«‡≈¢ (numerical simulation) ‚¥¬„™â·∫∫®”≈Õß
∑“ß∑ƒ…Æ’Õ¬à“ßßà“¬ (simple theoretical model) ∑’Ë¡’≈—°…≥–‡ªìπ·∫∫®”≈Õß√–¥—∫®ÿ≈¿“§·∫∫·°√πŸ≈“√å
(granular micromagnetic model) [3,6] ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬πμ“¡«‘∏’°“√¬Õ√å§‡æ◊ËÕ„™â‡ªìπ




∑”π“¬ª√‘¡“≥ HEB ·≈– TB ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π‰¥â Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß Õ¬à“ß‰√
°Áμ“¡ ·∫∫®”≈Õß¥—ß°≈à“«¬—ß§ß¡’¢âÕ®”°—¥„π°“√æ‘®“√≥“º≈¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß‡°√π·¡à‡À≈Á°∑’Ë ”§—≠
´÷Ëß‡°‘¥¢÷Èπ„π√–∫∫«— ¥ÿ·¡à‡À≈Á°®√‘ß ‰¥â·°à §à“ π“¡·¡à‡À≈Á°§Ÿà¢—È«¿“¬„π™—Èπ FM ·≈–§à“ π“¡·≈°‡ª≈’Ë¬π
√–À«à“ß‡°√π·¡à‡À≈Á°¿“¬„π™—Èπ FM ‡ªìπμâπ πÕ°®“°π’È ¬—ßæ∫«à“·∫∫®”≈Õß¥—ß°≈à“«¢“¥§«“¡‡ ¡◊Õπ®√‘ß
„π°“√§”π«≥ ‡π◊ËÕß®“°≈–‡≈¬º≈°“√æ‘®“√≥“°√–∫«π°“√°”Àπ¥∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π (setting
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ª√–¡“≥ 400 ‡§≈«‘π [2] ¥—ßπ—Èπ§à“ TB ¢Õß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π ÷́Ëß “¡“√∂·ª√º—π‰¥â¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“μ√




μ“¡«‘∏’°“√¬Õ√å§‡æ◊ËÕ„™â ”À√—∫°“√§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑”π“¬ª√‘¡“≥ HEB ·≈– TB ¢Õß‚§√ß √â“ß
™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π¿“¬„π‚§√ß √â“ßÀ—«Õà“π¢âÕ¡Ÿ≈ ‚§√ß √â“ß¢Õß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π∑’Ëª√–°Õ∫¥â«¬™—Èπ«— ¥ÿ
AF ·≈–™—Èπ«— ¥ÿ FM ÷́Ëß®–ª√–°Õ∫‰ª¥â«¬‡°√π·¡à‡À≈Á°®”π«π¡“°®–∂Ÿ°®”≈Õß¢÷Èπ‚¥¬Õ“»—¬‚ª√·°√¡
®”≈Õß‚§√ß √â“ß‚«‚√πÕ¬ (Voronoi construction) ´÷Ëß™à«¬„Àâ “¡“√∂°”Àπ¥μ—«·ª√§«∫§ÿ¡ (input
parameters) ¢Õß°“√®”≈Õß‚§√ß √â“ß«— ¥ÿ·¡à‡À≈Á°‡ ¡◊Õπ®√‘ß‰¥â ·∫∫®”≈Õß∑’Ë∂Ÿ°æ—≤π“¢÷Èπ„πß“π«‘®—¬π’È‰¥â
Õ“»—¬‡∑§π‘§«‘∏’°“√∑’Ë·μ°μà“ß°—π ”À√—∫°“√Õ∏‘∫“¬§ÿ≥ ¡∫—μ‘∑“ß·¡à‡À≈Á°∑’Ë¡’§«“¡·μ°μà“ß°—π¢Õß«— ¥ÿ
·μà≈–ª√–‡¿∑ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß√–¬–‡«≈“ (timescale) ∑’Ë·¡°π’‰∑‡´™—π¿“¬„π«— ¥ÿ·μà≈–ª√–‡¿∑„™â
 ”À√—∫°√–∫«π°“√°≈—∫∑‘»∑“ß ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â‡≈◊Õ°„™â‡∑§π‘§¡Õπμ‘§“√å‚≈‡™‘ß®≈πå (kinetic
Monte Carlo)  ”À√—∫°“√æ‘®“√≥“≈—°…≥–°“√º—π°≈—∫∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¢Õß™—Èπ AF „π√–¬–¬“«
·≈–‡≈◊Õ°„™â ¡°“√·≈π¥Õ«å›≈‘øμå™‘μ›°‘≈‡∫‘√åμ (Landau›Lifshitz›Gilbert equation) À√◊Õ ¡°“√
LLG  ”À√—∫°“√§”π«≥æ≈«—μ¢Õß·¡°π’‰∑‡´™—π¿“¬„π™—Èπ FM °“√ª√–¬ÿ°μå„™â‡∑§π‘§°“√§”π«≥∑—Èß Õß
√Ÿª·∫∫√à«¡°—π®–π”‰ª Ÿà°“√»÷°…“§ÿ≥ ¡∫—μ‘∑“ß·¡à‡À≈Á°¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬πºà“π°“√§”π«≥
≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’  (hysteresis loop) „π≈”¥—∫ ÿ¥∑â“¬®–‰¥â∑”°“√§”π«≥§à“ HEB ®“°≈—°…≥–°“√
‡§≈◊ËÕπ∑’Ë¢Õß≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ÕÕ°®“°·°π ¡¡“μ√„π≈—°…≥–øíß°å™—π¢Õß§à“Õÿ≥À¿Ÿ¡‘„¥Ê ∑’ËμâÕß°“√






(energy barrier of AF grain, EAF) ∑’Ë „™â‡æ◊ËÕªÑÕß°—π°“√º—π°≈—∫∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π §à“
æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°¢Õß‡°√π·¡à‡À≈Á° AF ·μà≈–‡°√π®–∂Ÿ°Õ∏‘∫“¬Õ¬Ÿà„π√Ÿª¢Õß§à“æ≈—ßß“πÕ‘ √–
μ“¡√Ÿª·∫∫ ¡°“√æ≈—ßß“π¢Õß ‚μπ‡πÕ√å›‚«Œå≈ø“∏ (Stoner›Wolhfarth energy equation) [8] ÷́Ëß‡ªìπ
º≈√«¡¢Õß§à“æ≈—ßß“π·Õπ‰Õ‚´‚∑√ªï¢Õß™—Èπ«— ¥ÿ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘° (AF anisotropy energy) ∑’Ë
·¡°π’‰∑‡´™—π„™â ”À√—∫°“√√—°…“∑‘»∑“ß„ÀâÕ¬Ÿà„π∑‘»·°πßà“¬ (easy axis, e) ·≈–§à“æ≈—ßß“π π“¡·¡à‡À≈Á°
√–À«à“ß™—Èπ«— ¥ÿ (exchange interlayer energy) ∑’Ë·¡°π’‰∑‡´™—π¿“¬„π‡°√π‡øÕ√å‚√·¡°‡πμ‘°ÕÕ°·√ß
°√–∑”μàÕ·¡°π’‰∑‡´™—π¿“¬„π‡°√π·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘° ¥—ß ¡°“√
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(relaxation time, τ) μ“¡°Ø¢ÕßÕ“√å‡√Àåπ‡π’¬ -π’≈ å (Arrhenius-Néel law) [9] ¥—ß ¡°“√
(2)
‡¡◊ËÕ f0 §◊Õ§à“§ß∑’Ë°“√ —Ëπ (frequency factor) kB §◊Õ§à“§ß∑’Ë¢Õß‚∫≈´å¡“π (Boltzmannûs constant) ·≈–
T §◊ÕÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫ ‚¥¬§à“æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°μË”∑’Ë ÿ¥∑’Ë‡°√π·¡à‡À≈Á° AF „™â ”À√—∫°“√
ªÑÕß°—π°“√°≈—∫∑‘»∑“ß‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß§«“¡√âÕπÀ√◊Õª√“°Ø°“√≥å´Ÿ‡ªÕ√åæ“√“·¡°‡πμ‘°¿“¬„π√–¬–
‡«≈“°“√§≈“¬μ—«‡∑à“°—∫ 100 s ¥â«¬§à“§ß∑’Ë„π°“√ —Ëπ f0 = 10
9 Hz [10] ®–μâÕß¡’§à“‡∑à“°—∫ EAF = 25kBT
 ”À√—∫°“√æ‘®“√≥“§à“æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°„π°√≥’∑’Ë∑‘»·°πßà“¬¢Õß·¡°π’‰∑‡´™—π„π™—Èπ
·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘° e °√–∑”¡ÿ¡„¥Ê °—∫∑‘»∑“ß¢Õß π“¡·¡à‡À≈Á°√«¡∑’Ë°√–∑”μàÕ™—Èπ·Õπμ‘‡øÕ√å‚√
·¡°‡πμ‘°  °≈à“«§◊Õ  ≠ 0 æ∫«à“®–‰¡à “¡“√∂∑”°“√§”π«≥ª√‘¡“≥æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°¢Õß
‡°√π·¡à‡À≈Á°„π™—Èπ AF ‰¥â‚¥¬μ√ß‡π◊ËÕß®“°§«“¡´—∫´âÕπ„π°“√§”π«≥ ¥—ßπ—Èπ®÷ß‰¥âª√–¬ÿ°μå„™â«‘∏’°“√
ª√–¡“≥‡™‘ßμ—«‡≈¢ [11]  ”À√—∫°“√æ‘®“√≥“§à“æ≈—ßß“π°’¥∑“ß·¡à‡À≈Á°¢Õß‡°√π·¡à‡À≈Á° AF ∑’Ë‡ªìπ
øíß°å™—π¢Õß§à“ π“¡·¡à‡À≈Á°√«¡∑’Ë°√–∑”μàÕ™—Èπ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°  ·≈–¡ÿ¡  · ¥ß¥—ß ¡°“√
(3)
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‡¡◊ËÕ  §◊Õ §à“æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°√«¡∑’ËμâÕß„™â ”À√—∫°“√°≈—∫∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π
·≈–  §◊Õ¡ÿ¡√–À«à“ß∑‘»·°πßà“¬ e ·≈–∑‘»∑“ß¢Õß π“¡·¡à‡À≈Á°√«¡∑’Ë°√–∑”μàÕ™—Èπ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°
 ¿“¬À≈—ß®“°π—Èπº≈√«¡¢Õß√–¬–‡«≈“°“√§≈“¬μ—«¢Õß·¡°π’‰∑‡´™—π¢Õß√–∫∫∑’Ë¡’Õ—μ√“°“√
‡ª≈’Ë¬π·ª≈ß√–À«à“ß ∂“π–∑’Ë¡’æ≈—ßß“πμË”∑’Ë ÿ¥ Õß ∂“π– °≈à“«§◊Õ  ®–∂Ÿ°§”π«≥‡æ◊ËÕ∑’Ë
®–‰¥âπ”‰ª„™â ”À√—∫°“√æ‘®“√≥“‚Õ°“ „π°“√º—π°≈—∫∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π™—Èπ AF ¥—ß ¡°“√
(5)
‡¡◊ËÕ tm §◊Õ√–¬–‡«≈“∑’Ë„™â„π°“√«—¥°“√‡ª≈’Ë¬π·ª≈ß ÷́Ëß„πß“π«‘®—¬π’È‰¥â°”Àπ¥„Àâ¡’§à“‡∑à“°—∫ 10
-8 s [12]
®“°π—Èπ∑”°“√‡ª√’¬∫‡∑’¬∫§à“‚Õ°“ „π°“√‡ª≈’Ë¬π ∂“π– Pt °—∫μ—«‡≈¢ ÿà¡ x ∑’Ë∂Ÿ°°”Àπ¥„Àâ¡’§à“√–À«à“ß
0 < x < 1 ∂â“§à“‚Õ°“ °“√‡ª≈’Ë¬π ∂“π–¡’§à“¡“°°«à“μ—«‡≈¢ ÿà¡ Pt
 
> x ·¡°π’‰∑‡´™—π®– “¡“√∂°≈—∫∑‘»∑“ß
‰¥â ·μà∂â“ Pt < x ·¡°π’‰∑‡´™—π„π√–∫∫®–‰¡à “¡“√∂º—π°≈—∫∑‘»∑“ß‰¥â ´÷Ëß„π°√≥’π’È®–μâÕß∑”°“√æ‘®“√≥“
§à“æ≈—ßß“π°’¥°—π∑“ß·¡à‡À≈Á°¢Õß·¡°π’‰∑‡´™—πÕ’°§√—Èß®π°«à“®–‡ªìπ‰ªμ“¡‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥·≈–«‘∏’°“√§”π«≥
„π≈—°…≥–π’È®–¥”‡π‘π‰ª®π°«à“‡°√π·¡à‡À≈Á° AF ∑ÿ°‡°√π¿“¬„π√–∫∫ “¡“√∂º—π°≈—∫∑‘»∑“ß‰¥âÕ¬à“ß ¡∫Ÿ√≥å








‡¡◊ËÕ §◊Õ‡«°‡μÕ√åÀπ÷ËßÀπà«¬¢Õß·¡°π’‰∑‡´™—π„π™—Èπ FM ∑’Ëæ‘®“√≥“
γ §◊Õ§à“ —¡∫Ÿ√≥åÕ—μ√“ à«π‰®‚√·¡°‡πμ‘° (absolute gyromagnetic ratio)
α §◊Õ§à“§ß∑’Ë¢Õß°“√Àπà«ß (damping constant)
§◊Õ π“¡·¡à‡À≈Á°ª√– ‘∑∏‘º≈∑’Ë°√–∑”μàÕ·¡°π’‰∑‡´™—π¿“¬„π‡°√π·¡à‡À≈Á° FM ∑’Ë∂Ÿ°æ‘®“√≥“
√Ÿª∑’Ë 2 °“√‡§≈◊ËÕπ∑’Ë¢Õß·¡°π’‰∑‡´™—π·∫∫À¡ÿπ«π‡¢â“ Ÿà π“¡·¡à‡À≈Á°ª√– ‘∑∏‘º≈ (°) ¿“æ¥â“π¢â“ß·≈–
(¢) ¿“æ¥â“π∫π
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 π“¡·¡à‡À≈Á°ª√– ‘∑∏‘º≈∑’Ë‡°‘¥¢÷Èπ¿“¬„π√–∫∫‡ªìπº≈√«¡¢Õß§à“ π“¡·Õπ‰Õ‚´‚∑√ªï (anisot-
ropy field, ) §à“ π“¡·≈°‡ª≈’Ë¬π√–À«à“ß‡°√π·¡à‡À≈Á° (exchange field between grains, )
§à“ π“¡·¡à‡À≈Á°¿“¬πÕ° (applied magnetic field, ) ·≈–§à“ π“¡§«“¡√âÕπ (thermal field, )
πÕ°®“°π’È°“√æ‘®“√≥“§à“ π“¡·¡à‡À≈Á°√«¡„π™—Èπ FM ∑’Ë‡™◊ËÕ¡μ‘¥°—∫™—Èπ AF ®”‡ªìπ®–μâÕß§‘¥º≈¢Õß§à“
 π“¡·≈°‡ª≈’Ë¬π√–À«à“ß™—Èπ«— ¥ÿ∑’Ë·¡°π’‰∑‡´™—π„π™—Èπ AF ÕÕ°·√ß°√–∑”μàÕ·¡°π’‰∑‡´™—π„π™—Èπ FM
(exchange interlayer field on FM layer, ) √à«¡¥â«¬‡æ◊ËÕ„Àâ “¡“√∂§”π«≥º≈¢Õßª√“°Ø°“√≥å
‰∫Õ— ·≈°‡ª≈’Ë¬π‰¥â‚¥¬√“¬≈–‡Õ’¬¥°“√§”π«≥ª√‘¡“≥“ π“¡·¡à‡À≈Á°·μà≈–ª√–‡¿∑∂Ÿ°Õ∏‘∫“¬‰«â„π
Õâ“ßÕ‘ß [12] ¥—ßπ—Èπ®÷ß “¡“√∂‡¢’¬π§à“ π“¡·¡à‡À≈Á°ª√– ‘∑∏‘º≈∑’Ë°√–∑”°—∫™—Èπ FM ∑’Ë‡™◊ËÕ¡μ‘¥°—∫™—Èπ
AF ‰¥â¥—ßπ’È
(7)
°“√§”π«≥æ≈«—μ¢Õß·¡°π‘‰∑‡´™—π„π™—Èπ AF ·≈–™—Èπ FM ¥â«¬«’∏’°“√¡Õπμ‘§“√å‚≈·≈–
 ¡°“√ LLG ∑”„Àâ “¡“√∂§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π‰¥â  ”À√—∫°“√
§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬πμ“¡«‘∏’°“√¬Õ√å§ “¡“√∂·∫àßÕÕ°‡ªìπ 2
¢—ÈπμÕπÀ≈—° §◊Õ ¢—ÈπμÕπ°“√æ‘®“√≥“À“§à“Õÿ≥À¿Ÿ¡‘∑’Ë‰¡à¡’º≈∑“ß§«“¡√âÕπ‡¢â“¡“‡°’Ë¬«¢âÕß (non-activation
temperature, TNA) ·≈–¢—ÈπμÕπ°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π∑’Ë·μà≈–§à“
Õÿ≥À¿Ÿ¡‘°“√°√–μÿâπ (activation temperature, TACT) [2] ∑’ËμâÕß°“√æ‘®“√≥“ ÷́Ëß®–π”‰ª Ÿà°“√§”π«≥ª√‘¡“≥
HEB ·≈– TB ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π  ”À√—∫¢—ÈπμÕπ°“√æ‘®“√≥“À“§à“ TNA  “¡“√∂ √ÿª‰¥â¥—ßπ’È
1. „Àâ§«“¡√âÕπμàÕ™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π¥â«¬Õÿ≥À¿Ÿ¡‘°“√°”Àπ¥∑‘»∑“ß (setting temperature,
TSET) „π¢≥–∑’Ë¡’°“√ªÑÕπ π“¡·¡à‡À≈Á°¿“¬πÕ°„π∑‘»∑“ß∫«° +H ‡ªìπ‡«≈“ 90 π“∑’
2. ≈¥Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫„Àâ¡’§à“‡∑à“°—∫Õÿ≥À¿Ÿ¡‘ T „¥Ê „π¢≥–∑’Ë¡’°“√„Àâ π“¡·¡à‡À≈Á°
¿“¬πÕ°„π∑‘»∑“ß∫«° +H
3. ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫¡’§à“‡∑à“°—∫ T ®÷ß∑”°“√ªÑÕπ π“¡·¡à‡À≈Á°„π∑‘»∑“ß≈∫ -H ‡ªìπ‡«≈“
1 π“∑’ ·≈–‡√‘Ë¡∑”°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ≈Ÿª∑’ËÀπ÷Ëß
4. ∑”´È”¢—ÈπμÕπ∑’Ë 1-2 ·≈â«®÷ß∑”°“√„Àâ π“¡·¡à‡À≈Á°„π∑‘»∑“ß≈∫ -H ‡ªìπ‡«≈“ 30 π“∑’
·≈–‡√‘Ë¡∑”°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ≈Ÿª∑’Ë Õß
5. À“°≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ≈Ÿª∑’ËÀπ÷Ëß·≈–≈Ÿª∑’Ë Õß¬—ß‰¡à‡°‘¥°“√´âÕπ∑—∫°—π„Àâ∑”°“√«—¥≈Ÿª«ß
ªî¥Õ’°§√—Èß„π™à«ßÕÿ≥À¿Ÿ¡‘ T „¥Ê ∑’Ë¡’§à“≈¥μË”≈ß·≈–∑” È́”°√–∫«π°“√‡¥‘¡ (trial and error) ®π°√–∑—Ëß
≈Ÿª«ßªî¥∑—Èß Õß‡°‘¥°“√´âÕπ∑—∫°—π
‡¡◊ËÕ„¥°Áμ“¡∑’Ë≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ≈Ÿª∑’ËÀπ÷Ëß·≈–≈Ÿª∑’Ë Õß´âÕπ∑—∫°—π®– “¡“√∂æ‘®“√≥“‰¥â«à“
Õÿ≥À¿Ÿ¡‘∑’Ë∑”„Àâ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑—Èß Õß´âÕπ∑—∫°—π‡ªìπÕÿ≥À¿Ÿ¡‘ T = TNA ∑’Ë‰¡à¡’º≈°√–∑∫¢Õß§«“¡
√âÕπ¿“¬πÕ°‡¢â“¡“‡°’Ë¬«¢âÕß ‚¥¬Õÿ≥À¿Ÿ¡‘ TNA ¥—ß°≈à“«π’È®–∂Ÿ°„™â ”À√—∫°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ „π
≈”¥—∫∂—¥‰ª  ”À√—∫√“¬≈–‡Õ’¬¥°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π ≥ Õÿ≥À¿Ÿ¡‘
∑’ËμâÕß°“√»÷°…“  “¡“√∂ √ÿª¢—ÈπμÕπ‰¥â¥—ßπ’È
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1. „Àâ§«“¡√âÕπμàÕ™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π¥â«¬Õÿ≥À¿Ÿ¡‘ TSET „π¢≥–∑’Ë¡’°“√ªÑÕπ π“¡·¡à‡À≈Á°
¿“¬πÕ°„π∑‘»∑“ß∫«° +H ‡ªìπ‡«≈“ 90 π“∑’
2. ≈¥Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫„Àâ¡’§à“‡∑à“°—∫Õÿ≥À¿Ÿ¡‘ TNA ∑’Ëæ‘®“√≥“‰¥â°àÕπÀπâ“π’È
3. ªÑÕπ π“¡·¡à‡À≈Á°¿“¬πÕ°„π∑‘»∑“ß≈∫ -H ‡ªìπ‡«≈“ 1 π“∑’ ·≈–‡√‘Ë¡∑”°“√«—¥≈Ÿª«ßªî¥
Œ‘ ‡∑Õ√å√’´’ ≈Ÿª
4. ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘∑’ËμâÕß°“√æ‘®“√≥“ ÷́Ëß∂Ÿ°‡√’¬°«à“ Õÿ≥À¿Ÿ¡‘∑’Ë¡’°“√°√–μÿâπ TACT ‡ªìπ√–¬–‡«≈“
30 π“∑’
5. ≈¥Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫„Àâ°≈—∫‡¢â“ Ÿà TNA Õ’°§√—Èß·≈–‡√‘Ë¡∑”°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑’Ë‰¡à
¡’º≈°“√°√–μÿâπ∑“ß§«“¡√âÕπÕ’°§√—Èß®π‡°‘¥‡ªìπ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ · ¥ß¥—ß√Ÿª∑’Ë 3
√Ÿª∑’Ë 3 ¢—ÈπμÕπ°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π¥â«¬«‘∏’°“√¬Õ√å§ [2]
°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ μ“¡«‘∏’°“√¬Õ√å§æ∫«à“·¡°π’‰∑‡´™—π„π™—Èπ AF ®–‰¡à‰¥â√—∫º≈
°√–∑∫®“°°“√°√–μÿâπ∑“ß§«“¡√âÕπ (AF free of thermal activation) ¥—ßπ—Èπ®÷ß∑”„Àâ “¡“√∂æ‘®“√≥“
§à“ HEB ∑’Ë·πàπÕπ¢Õß√–∫∫‚§√ß √â“ß«— ¥ÿ·¡à‡À≈Á° Õß™—Èπ‰¥â ·¡â«à“®–¡’°“√«—¥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ´È”Õ’°
À≈“¬§√—Èß ‡¡◊ËÕ “¡“√∂§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π∑’Ë·μà≈–§à“Õÿ≥À¿Ÿ¡‘
TACT μ“¡«‘∏’°“√¬Õ√å§‰¥â®–∑”„Àâ “¡“√∂§”π«≥§à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π HEB ®“°≈—°…≥–°“√‡§≈◊ËÕπ∑’Ë
¢Õß≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ÕÕ°®“°·°π ¡¡“μ√„π≈—°…≥–øíß°å™—π¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT ·≈–π”‰ª Ÿà°“√
æ‘®“√≥“À“§à“Õÿ≥À¿Ÿ¡‘°’¥°—π TB ‰¥â μ“¡≈”¥—∫ ‚¥¬º≈°“√»÷°…“®–∂Ÿ°Õ∏‘∫“¬∂÷ß√“¬≈–‡Õ’¬¥„πÀ—«¢âÕ∂—¥‰ª












§«“¡°«â“ß¢Õß√–∫∫„π·π«·°π x (nm) 250 250
§«“¡¬“«¢Õß√–∫∫„π·π«·°π y (nm) 250 250
§à“°≈“ß¢Õß¢π“¥¢Õß‡°√π·¡à‡À≈Á° Dm (nm) 8 8
§à“°“√°√–®“¬μ—«¢Õß¢π“¥¢Õß‡°√π σlnd 0.2 [13] 0.2 [13]
√–¬–Àà“ß√–À«à“ß‡°√π·¡à‡À≈Á° (nm) 0.1 0.1
§«“¡Àπ“¢Õß™—Èπøî≈å¡ tfilm (nm) 8 4
„π°“√»÷°…“π’È®–‰¥â‡≈◊Õ°„™â«— ¥ÿÕ‘√‘‡¥’¬¡·¡ß°“π’  (Iridium Manganese, IrMn) ·≈–«— ¥ÿ
‚§∫Õ≈μå‰Õ√Õπ (Cobalt Iron, CoFe) ´÷Ëß¡’§ÿ≥ ¡∫—μ‘‡ªìπ«— ¥ÿ AF ·≈–«— ¥ÿ FM μ“¡≈”¥—∫ ‡π◊ËÕß®“°
«— ¥ÿ∑—Èß Õßª√–‡¿∑∂Ÿ°π”¡“„™â‡æ◊ËÕ √â“ß‡ªìπ™—ÈπÕâ“ßÕ‘ß¿“¬„πÀ—«Õà“π¢âÕ¡Ÿ≈ ”À√—∫‡∑§‚π‚≈¬’Œ“√å¥¥‘ °å‰¥√åø
„πªí®®ÿ∫—π [2] ‚¥¬§à“æ“√“¡‘‡μÕ√å∑“ß·¡à‡À≈Á°æ◊Èπ∞“π¢Õß«— ¥ÿ IrMn ·≈–«— ¥ÿ CoFe ‰¥â·°à §à“Õÿ≥À¿Ÿ¡‘
«‘°ƒμ (critical temperature, TC) §à“·¡°π’‰∑‡´™—πÕ‘Ë¡μ—« (saturation magnetization, MS) ·≈–§à“§ß∑’Ë
·Õπ‰Õ‚´‚∑√ªï (anisotropy constant, KU) √«¡‰ª∂÷ßª√‘¡“≥§«“¡·√ß π“¡·≈°‡ª≈’Ë¬π√–À«à“ß™—Èπ«— ¥ÿ
(exchange interlayer field strength,  ‡ªìπμâπ ∂Ÿ° √ÿª‰«â¥—ßμ“√“ß∑’Ë 2
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μ“√“ß∑’Ë 2 §à“æ“√“¡‘‡μÕ√å∑“ß·¡à‡À≈Á°¢Õß™—Èπ«— ¥ÿ IrMn ·≈–™—Èπ«— ¥ÿ CoFe
æ“√“¡‘‡μÕ√å ™π‘¥¢Õß«— ¥ÿ
IrMn CoFe
§à“Õÿ≥À¿Ÿ¡‘«‘°ƒμ‘ TC (K) 690 [14] 1300 [14]
§à“§ß∑’Ë·Õπ‰Õ‚´‚∑√ªï KU (erg/cc) 5.56 x 10
6 [15] 1.8 x 105 [12]
§à“·¡°π’‰∑‡´™—πÕ‘Ë¡μ—« MS (emu/cc) 1800 [12] 1800 [12]
§«“¡·√ß π“¡·≈°‡ª≈’Ë¬π√–À«à“ß™—Èπ«— ¥ÿ       (Oe) 500 500
¿“¬À≈—ß®“°∑’Ë “¡“√∂®”≈Õß‚§√ß √â“ß™—Èπ«— ¥ÿ IrMn ·≈–™—Èπ«— ¥ÿ CoFe ´÷Ëß¡’§à“æ“√“¡‘‡μÕ√å
∑“ß‚§√ß √â“ß·≈–§à“æ“√“¡‘‡μÕ√å∑“ß·¡à‡À≈Á°· ¥ß¥—ßμ“√“ß∑’Ë 1 ·≈–μ“√“ß∑’Ë 2 ‰¥â ®“°π—Èπ®–∑”°“√
æ‘®“√≥“À“§à“Õÿ≥À¿Ÿ¡‘∑’Ë‰¡à¡’º≈°√–∑∫∑“ß§«“¡√âÕπ‡¢â“¡“‡°’Ë¬«¢âÕß TNA ‚¥¬∑”°“√§”π«≥≈Ÿª«ßªî¥
Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ≥ Õÿ≥À¿Ÿ¡‘ T „¥Ê μ“¡¢—ÈπμÕπ°“√æ‘®“√≥“
À“§à“Õÿ≥À¿Ÿ¡‘∑’Ë‰¡à¡’º≈∑“ß§«“¡√âÕπ‡¢â“¡“‡°’Ë¬«¢âÕß¥—ß∑’Ë‰¥â°≈à“«∂÷ß√“¬≈–‡Õ’¬¥„πÀ—«¢âÕ«‘∏’°“√∑¥≈Õß
√Ÿª∑’Ë 4 · ¥ßμ—«Õ¬à“ß°“√æ‘®“√≥“À“§à“Õÿ≥À¿Ÿ¡‘ TNA ®“°°“√§”π«≥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß
™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ∑’ËÕÿ≥À¿Ÿ¡‘ T „¥Ê μ—Èß·μà T = 500 ‡§≈«‘π ´÷Ëß°”Àπ¥„Àâ¡’§à“≈¥≈ß
§√—Èß≈– 50 ‡§≈«‘π ®π∂÷ß 300 ‡§≈«‘π · ¥ß¥—ß√Ÿª∑’Ë 4 (°)›(®) μ“¡≈”¥—∫ ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫°—π¥â«¬
‡«≈“°“√„Àâ π“¡·¡à‡À≈Á°¿“¬πÕ°„π∑‘»∑“ß ›H ‡∑à“°—∫ 1 π“∑’ ·≈– 30 π“∑’ ‡¡◊ËÕæ‘®“√≥“≈—°…≥–¢Õß
≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ∑’ËÕÿ≥À¿Ÿ¡‘ T= 500 ‡§≈«‘π „π√Ÿª∑’Ë
4(°) æ∫«à“≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ®–¡’°“√‡§≈◊ËÕπ∑’ËÕÕ°®“°·π«·°π ¡¡“μ√‰ªμ“¡·°π π“¡·¡à‡À≈Á°
¿“¬πÕ°„π∑‘»∑“ß∫«° +H ·≈–®–‡ÀÁπ‰¥â«à“≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ≈Ÿª∑’ËÀπ÷Ëß·≈–≈Ÿª∑’Ë Õß¬—ß‰¡à‡°‘¥°“√ ấÕπ
∑—∫°—π ®“°π—Èπ‡¡◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫≈ß§√—Èß≈– 50 ‡§≈«‘π æ∫«à“≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ®–¡’°“√‡§≈◊ËÕπ∑’Ë
°≈—∫‡¢â“ Ÿà·π«·°π ¡¡“μ√·≈–‡§≈◊ËÕπ∑’ËÕÕ°®“°·π«·°π ¡¡“μ√‰ªμ“¡·°π π“¡·¡à‡À≈Á°¿“¬πÕ°„π
∑‘»∑“ß∫«° ›H μ“¡°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ T ‚¥¬æ∫«à“Õÿ≥À¿Ÿ¡‘„π°“√§”π«≥∑’Ë∑”„Àâ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’
´’ ∑—Èß Õß≈Ÿª‡°‘¥°“√ ấÕπ∑—∫°—π °≈à“«§◊Õ ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑’Ë “¡“√∂§”π«≥‰¥â∑—Èß Õß≈Ÿª¡’ª√‘¡“≥
 π“¡‡§Õ‡ÕÕ√å´‘«‘μ’„π∑“ß¥â“π´â“¬·≈–∑“ß¥â“π¢«“‡∑à“°—π ¡’§à“‡∑à“°—∫ T = 300 ‡§≈«‘π · ¥ß¥—ß√Ÿª∑’Ë 4(®)
¥—ßπ—Èπ„π¢—ÈπμÕπ°“√§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ∑’Ë·μà≈–
§à“Õÿ≥À¿Ÿ¡‘°“√°√–μÿâπ TACT  ”À√—∫°√≥’»÷°…“π’È®–‰¥â°”Àπ¥§à“Õÿ≥À¿Ÿ¡‘„π°“√§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’́ ’ 
„Àâ¡’§à“‡∑à“°—∫ TNA = 300 ‡§≈«‘π ‡æ◊ËÕ„Àâ “¡“√∂°”®—¥º≈°√–∑∫®“°°“√°√–μÿâπ∑“ß§«“¡√âÕπμàÕ·¡°π’‰∑‡´™—π
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√Ÿª∑’Ë 4 μ—«Õ¬à“ß°“√æ‘®“√≥“À“§à“Õÿ≥À¿Ÿ¡‘ TNA ®“°°“√§”π«≥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ¢Õß‚§√ß √â“ß™—Èπ
‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ∑’ËÕÿ≥À¿Ÿ¡‘„¥Ê (°) T = 500 ‡§≈«‘π (¢) T = 450 ‡§≈«‘π
(§) T = 400 ‡§≈«‘π (ß) T = 350 ‡§≈«‘π ·≈– (®) T = 300 ‡§≈«‘π μ“¡≈”¥—∫
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‡¡◊ËÕ “¡“√∂æ‘®“√≥“§à“Õÿ≥À¿Ÿ¡‘ TNA ‰¥â‡∑à“°—∫ 300 ‡§≈«‘π „π≈”¥—∫μàÕ‰ª®÷ß∑”°“√§”π«≥≈Ÿ
ª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑’Ë§à“Õÿ≥À¿Ÿ¡‘ TACT „¥Ê ‡æ◊ËÕπ”‰ª„™â ”À√—∫°“√§”π«≥§à“ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π
HEB „π≈—°…≥–øíß°å™—π¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT ´÷Ëß®–π”‰ª Ÿà°“√æ‘®“√≥“À“§à“°≈“ß¢ÕßÕÿ≥À¿Ÿ¡‘°’¥°—π TB
¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ∑’Ë¡’§«“¡∂Ÿ°μâÕß‰¥â √Ÿª∑’Ë 5 · ¥ßº≈°“√§”π«≥≈Ÿª«ßªî¥
Œ‘ ‡∑Õ√å√’´’ ¢Õß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe „π°√≥’∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT
μ—Èß·μà 100 ‡§≈«‘π ∂÷ß 600 ‡§≈«‘π ‚¥¬¡’§à“‡æ‘Ë¡¢÷Èπ§√—Èß≈– 100 ‡§≈«‘π ‚¥¬®–‡ÀÁπ‰¥â«à“„π°√≥’∑’Ë§à“
Õÿ≥À¿Ÿ¡‘ TACT ¡’§à“‡∑à“°—∫ 100 ‡§≈«‘π ≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ®–‡§≈◊ËÕπ∑’ËÕÕ°®“°·π«·°π ¡¡“μ√‰ª„π
∑‘»∑“ß ›H ·≈–‡¡◊ËÕ§à“Õÿ≥À¿Ÿ¡‘ TACT ¡’§à“‡æ‘Ë¡¢÷Èπæ∫«à“≈Ÿª«ßŒ‘ ‡∑Õ√å√’´’ ®–¡’·π«‚πâ¡°“√‡§≈◊ËÕπ∑’Ë°≈—∫
‡¢â“ Ÿà·°π ¡¡“μ√·≈–‡§≈◊ËÕπ∑’ËÕÕ°®“°·π«·°π ¡¡“μ√‰ª„π∑‘»∑“ß +H  “‡Àμÿ‡π◊ËÕß®“°°“√‡æ‘Ë¡¢÷Èπ¢Õß
§à“Õÿ≥À¿Ÿ¡‘°“√°√–μÿâπ TACT  àßº≈∑”„Àâ·¡°π’‰∑‡´™—π„π™—Èπ IrMn ‡°‘¥°“√°≈—∫∑‘»∑“ß‰ª„π∑‘»μ√ß°—π¢â“¡
°—∫∑‘»∑“ß‡√‘Ë¡μâπ
√Ÿª∑’Ë 5 μ—«Õ¬à“ß°“√§”π«≥≈Ÿª«ßªî¥Œ’ ‡∑Õ√å√’´’ ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT μ—Èß·μà 100
‡§≈«‘π ∂÷ß 600 ‡§≈«‘π ‚¥¬¡’§à“‡æ‘Ë¡¢÷Èπ§√—Èß≈– 100 ‡§≈«‘π
º≈°“√§”π«≥≈Ÿª«ßªî¥Œ‘ ‡∑Õ√å√’´’ ∑’Ë§à“Õÿ≥À¿Ÿ¡‘ TACT „¥Ê ¥—ß· ¥ß„π√Ÿª∑’Ë 5 π”‰ª Ÿà°“√
æ‘®“√≥“À“ª√‘¡“≥ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π∑’Ë·μà≈–§à“Õÿ≥À¿Ÿ¡‘ TACT ∑”„Àâ “¡“√∂æ≈ÁÕμ°√“ø§«“¡ —¡æ—π∏å
¢Õßª√‘¡“≥ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π HEB „π≈—°…≥–øíß°å™—π¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT ‰¥â¥—ß· ¥ß„π√Ÿª∑’Ë 6
®“°°√“ø§«“¡ —¡æ—π∏å¥—ß°≈à“«®–‡ÀÁπ‰¥â«à“„π°√≥’∑’ËÕÿ≥À¿Ÿ¡‘ TACT ¡’§à“μË” ª√‘¡“≥ HEB ®–¡’§à“μ‘¥≈∫·≈–
¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ§à“∫«°‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ TACT ¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπ ‡π◊ËÕß®“°·¡°π’‰∑‡´™—π¢Õß™—Èπ«— ¥ÿ
‡‡Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°∑’Ë‰¥â√—∫°“√°√–μÿâπ¥â«¬§à“Õÿ≥À¿Ÿ¡‘ TACT ¡’·π«‚πâ«°“√‡ª≈’Ë¬π·ª≈ß∑‘»∑“ßμ“¡
 π“¡·¡à‡À≈Á°¿“¬πÕ°  ”À√—∫§à“Õÿ≥À¿Ÿ¡‘°’¥°—π TB ¢Õß√–∫∫®– “¡“√∂æ‘®“√≥“‰¥â®“°®ÿ¥μ—¥·°π x
À√◊Õ§à“Õÿ≥À¿Ÿ¡‘ TACT ∑’Ë àßº≈∑”„Àâª√‘¡“≥ π“¡‰∫Õ— ·≈°‡ª≈’Ë¬π HEB ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π
IrMn/CoFe ¡’§à“‡∑à“°—∫»Ÿπ¬å °≈à“«§◊Õ HEB = 0 ¥—ßπ—Èπ®÷ß “¡“√∂ √ÿª‰¥â«à“‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π
IrMn/CoFe ∑’Ë¡’§à“æ“√“¡‘‡μÕ√å∑“ß‚§√ß √â“ß·≈–§à“æ“√“¡‘‡μÕ√å∑“ß·¡à‡À≈Á°· ¥ß¥—ßμ“√“ß∑’Ë 1 ·≈–
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μ“√“ß∑’Ë 2 μ“¡≈”¥—∫ ÷́Ëß∂Ÿ°„™â ”À√—∫°“√»÷°…“„πß“π«‘®—¬π’È¡’§à“Õÿ≥À¿Ÿ¡‘°’¥°—π TB ‡∑à“°—∫ 414 ‡§≈«‘π
´÷Ëß„Àâ§à“∑’Ë„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß«—¥§à“Õÿ≥À¿Ÿ¡‘°’¥°—π TB „π‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π NiFe(30nm)/
Ru(1nm)/IrMn(6nm)/CoFe(5nm)/Ta(3nm) ¥â«¬«‘∏’°“√¬Õ√å§‚¥¬ G. Vallejo-Fernandez
·≈–§≥– [14, 15] ¥—ß· ¥ß„π√Ÿª¥â“π„π (inset) ¢Õß√Ÿª∑’Ë 6 ́ ÷Ëßæ∫«à“ “¡“√∂«—¥§à“Õÿ≥À¿Ÿ¡‘°’¥°—π TB ‡∑à“°—∫
423 ‡§≈«‘π ®“°º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π∑’Ë∂Ÿ°ÕÕ°·∫∫μ“¡‡ß◊ËÕπ‰¢∑’Ë
°”Àπ¥„πß“π«‘®—¬π’È®–§ß¡’‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ·≈– “¡“√∂π”¡“ª√–¬ÿ°μå„™âß“π‰¥â®√‘ß„π‚§√ß √â“ß
À—«Õà“π¢âÕ¡Ÿ≈Œ“√å¥¥‘ °å‰¥√åøÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫¡’§à“μË”°«à“ 414 ‡§≈«‘π ÷́Ëß¡’§à“ Ÿß
°«à“Õÿ≥À¿Ÿ¡‘°“√∑”ß“π¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈Œ“√å¥¥‘ °å‰¥√åø„π™à«ßª√–¡“≥ 300›400 ‡§≈«‘π [16] Õ¬à“ß‰√
°Áμ“¡ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫¡’§à“¡“°°«à“ 414 ‡§≈«‘π ®– àßº≈∑”„Àâ‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π
IrMn/CoFe ¥—ß°≈à“«¢“¥‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ‡π◊ËÕß®“°·¡°π’‰∑‡´™—π¢Õß™—Èπ«— ¥ÿ‡‡Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°
‰¡à “¡“√∂¬÷¥∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¢Õß™—Èπ«— ¥ÿ‡øÕ√å‚√·¡°‡πμ‘°‰«â‰¥â
√Ÿª∑’Ë 6 ª√‘¡“≥ HEB ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“Õÿ≥À¿Ÿ¡‘ TACT μ—Èß·μà 100 ‡§≈«‘π ∂÷ß 600 ‡§≈«‘π
‚¥¬¡’§à“‡æ‘Ë¡¢÷Èπ§√—Èß≈– 100 ‡§≈«‘π ·≈–√Ÿª¥â“π„π· ¥ßª√‘¡“≥ HEB ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß





Œ‘ ‡∑Õ√å√’́ ’  μ“¡«‘∏’°“√¬Õ√å§‡æ◊ËÕª√–¬ÿ°μå„™â ”À√—∫°“√∑”π“¬ª√‘¡“≥ HEB ·≈– TB ´÷Ëßπ”‰ª Ÿà°“√æ‘®“√≥“
‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ¢Õß‚§√ß √â“ß™—Èπ‰∫Õ— ·≈°‡ª≈’Ë¬π IrMn/CoFe ‚¥¬æ≈«—μ¢Õß·¡°π’‰∑‡´™—π¿“¬„π™—Èπ
IrMn ´÷Ëß¡’§ÿ≥ ¡∫—μ‘‡ªìπ«— ¥ÿ·Õπμ‘‡øÕ√å‚√·¡°‡πμ‘°·≈–™—Èπ CoFe ´÷Ëß¡’§ÿ≥ ¡∫—μ‘‡ªìπ«— ¥ÿ‡øÕ√å‚√·¡°-
‡πμ‘°∂Ÿ°Õ∏‘∫“¬¥â«¬«‘∏’°“√¡Õπμ‘§“√å‚≈‡™‘ß®≈πå·≈– ¡°“√·≈π¥Õ«å-≈‘ø™‘∑´å-°‘≈‡∫‘√åμ μ“¡≈”¥—∫ ®“°º≈




π“‚π‡¡μ√·≈– 4 π“‚π‡¡μ√ ∂Ÿ°æ∫«à“¡’‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫¡’§à“μË”°«à“ 414 ‡§≈«‘π
´÷Ëß‡ªìπ§à“Õÿ≥À¿Ÿ¡‘°’¥°—π¢Õß√–∫∫
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